Introduction
Uremic pruritus (UP) is a common and annoying symptom for end-stage renal disease (ESRD) patients on hemodialysis (HD) and peritoneal dialysis (PD). The prevalence of UP varies from 22% to 57% [1] [2] [3] with a prevalence in Taiwan of 28.6%-62.6% in ESRD patients on HD or PD. [4] [5] [6] Unfortunately, the pathogenesis of UP remains poorly understood. Proposed hypotheses include systemic inflammation, 7 imbalance between the expression of opioid receptors, 8 and other risk factors. Blood lead level (BLL) has been reportedly associated with inflammation and nutritional status in long-term HD patients with diabetes and might contribute to 1-year mortality in these patients. 9 All-cause, cardiovascular, and infection-related 18-month mortality in patients on maintenance HD were positively associated with high BLL. 10 Taking these findings into consideration, there might be an interaction or association between BLL and UP through systemic inflammation. The purpose of this study, therefore, was to find the possible association between BLL and UP.
Materials and methods Methods
Chang Gung Memorial Hospital's Institutional Review Board (IRB) Committee approved the study protocol (Code of IRB: 98-1937B). The methods in the study were performed in accordance with the approved guidelines. Because this was a crosssectional retrospective-designed study, informed consent was not required, and this was approved by our IRB committee. We collected all primary data in accordance with submit your manuscript | www.dovepress.com
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Weng et al the Strengthening the Reporting of Observational Studies in Epidemiology guidelines. Data was de-identified to ensure patient confidentiality.
Patients
All patients were enrolled from three HD centers of Chang Gung Memorial Hospital, Lin-Kou Medical Center, including both the Taipei and Taoyuan branches. Maintenance hemodialysis (MHD) patients who were equal to or older than 18 years old and had undergone HD for at least 6 months were recruited in this study. Exclusion criteria were patients with malignancies, infectious diseases, and those who had been admitted or received surgery within 3 months of the study. Most patients received 4 hours of HD per session and HD 3 times a week. Dialysate with standard ionic composition and bicarbonate-based buffer was used for all patients. Cardiovascular diseases were recorded in these patients. Smoking behavior was also noted in this study. Diagnosis of pruritus was as follows: pruritus appearing after HD with/without antipruritics as visualized by trained dermatologists or nephrologists. The severity of pruritus was measured by visual analog scale (VAS), which consisted of a 10-cm horizontal line with 0 point (no pruritus) to 10 points (maximum intensity of pruritus).
Measurement of Bll
We measure BLLs at the end of the run-in phase using a previously described method. 11, 12 BLLs were measured by electrothermal atomic-absorption spectrometry (SpectrAA-200Z; Agilent Technologies, www.agilent.com) with Zeeman background correction and an L'vov platform.
Definition of low-normal, high-normal, and high blood lead levels All of the studied patients were stratified into groups with low-normal (,10 μg/dL), high-normal (10-20 μg/dL), and abnormal BLLs (.20 μg/dL).
laboratory parameters
We drew blood samples from the arterial end of the vascular access immediately after the initial 2-day interval of HD. Nutritional markers were recorded as serum creatinine levels, normalized protein catabolism rate (nPCR), and serum albumin levels. High-sensitivity C-reactive protein levels were used as marker of inflammation. Dialysis adequacy, Kt/V urea , of HD patients was calculated by Daugirdas method. The nPCR of HD patients was calculated by validated equations. 13 The definition of anuria was a daily urine amount ,100 mL. 
Results
study population characteristics
The flow chart of HD patient recruitment was demonstrated in Figure 1 . Eight hundred and sixty-six patients were included ( 14, 15 The median of VAS was 6 (interquartile range: 4, 6.5). The correlation between log Pb and VAS was not significant with r=0.012 and P=0.869. The median VAS of patients with UP and BLL ,10 μg/dL, 20. BLL $10 μg/dL, and BLL $20 μg/dL were 6.0 (interquartile range: 4, 7), 6.0 (interquartile range: 5, 6), and 6.0 (interquartile range: 4, 7), respectively. There was no difference of VAS between these three groups (P=0.681).
Predictors of uremic pruritus
Univariate logistic regression showed that 13 variables were associated with UP ( (Table 4) .
Calibration, discrimination, and correlation for the Blls
Calibration of BLL was carried out as follows: HosmerLemeshow; X 2 =12.77, P=0.12. The BLLs had good calibration, as estimated by the Hosmer-Lemeshow goodness-of-fit test. The cutoff point calculated by obtaining the best Youden index (0.375) of BLLs to predict UP was 12.77 μg/dL (AUROC =0.792±0.023, 95% CI: 0.74-0.83, P,0.001, Figure 2 ) with a sensitivity of 78%, specificity of 66%, and overall correctness of 71.8%. Multivariate logistic regression showed that BLL $12.77 μg/dL (OR: 4.511, 95% CI: 3.128-6.505, P,0.001) was one of the predictors of UP (Table 5 ). The median VAS of patients with UP and BLL ,12.77 μg/dL and BLL $12.77 μg/dL were 6.0 (interquartile range: 4, 6) and 6.0 (interquartile range: 4, 7), respectively. There was no difference of VAS between these two groups (P=0.279).
Discussion
UP has been proposed to be the result of systemic inflammation. 7, 16 BLLs have been previously shown to be associated with inflammation and poor nutrition in long-term HD patients. 9 Al Momen demonstrated a case of chronic lead exposure with the symptoms of hyperpigmentation of the skin, severe itching, muscle weakness, and thrombocytosis. After chelation therapy with dimercaptosuccinic acid, complete recovery of hyperpigmentation, itching, and thrombocytosis was noted. 17 Dongre et al showed that in the battery manufacture, workers with lead exposure had high blood pressure, disturbed calcium and phosphorous metabolism, and skin itching. 18 In the surveys of drinking water polluted by lead in Kerou and So-ava, people who consumed lead-polluted water had various symptoms including skin itching. 19, 20 Therefore, there was significant correlation between BLL and the occurrence of skin pruritus. There was no significant correlation between Log (Pb) and severity of UP in our study, but we showed that BLL $12.77 μg/dL was a cut-off point to predict UP. This may suggest that BLL $12.77 μg/dL may be a point to trigger pruritus Animal studies have also demonstrated that chronic exposure to low-dose lead results in reactive oxygen species (ROS) generation. 25 ROS has also been noted to play a role in atopic dermatitis, which is a noncontagious, relapsing inflammatory skin disease characterized by eczema and pruritus. 26 Lead may thus cause UP through the induction of ROS. Exposure to low levels of lead could also induce lipid peroxidation. 27 Yago et al demonstrated that neurotropin significantly suppressed the C3a level and improved the condition of pruritic HD patients. They also found that neurotropin could lower the level of lipid peroxidase in plasma of HD patients. 28 Secondary hyperparathyroidism (SHPT) was also associated with UP. 29, 30 Chu et al showed symptom, and BLL above this point is not correlated with the severity of UP. And the severity sensation of UP is different in every patient and this may explain that the quantitative measure of pruritus did not correlate with BLLs. Imbalances in the expression between mu and kappa opioid receptors, which will cause pruritus, have also been proposed as a hypothesis of UP. 21, 22 Lead treatment by using rat models has shown that lead alters the development of mu and delta receptors and biological responses to opioids. 23 Other studies have also shown that the dynorphin/kappa opioid system is less affected by lead than the mu and delta systems. 24 Therefore, it is reasonable to postulate that lead can cause UP via the opioid systems. 
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Uremic pruritus and blood lead that SHPT might result in an increased release of lead from bone stores because of high bone turn over; they found that parathyroidectomy effectively suppressed the elevated levels of blood lead. 31 Some evidence also indicates an association between beta-2 microglobulin levels and UP in HD patients, [32] [33] [34] and rats given lead acetate in drinking water experienced an increase of beta-2 microglobulin excretion. 35 The association between BLLs and UP might occur through the effect of beta-2 microglobulin. However, we cannot confirm this because we did not regularly measure beta-2 microglobulin in our HD patients. According to the above discussion, BLLs in HD patients might increase the intensity of or have an addictive role of pruritus caused by other more common risk factors.
Lead compound can also cause crystallization of calcium phosphate in the body like bone and skin. 36 Elevated skin Abbreviations: Bll, blood lead level; CVD, cardiovascular disease; hBV, hepatitis B virus infection; hCV, hepatitis C virus infection; hsCRP, high-sensitivity C-reactive protein; iPTh, intact parathyroid hormone; Kt/V urea , dialysis clearance of urea; lDl, low-density lipoprotein; nPCR, normalized protein catabolic rate; Pb, blood lead. 
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Weng et al calcium phosphate content was associated with skin inflammation and UP in HD patients. 3, 37 In this study, we showed that even BLLs in the high normal range 38 were significantly associated with UP. The cutoff point of BLLs to predict UP in our study was 12.77 μg/dL, which had a high sensitivity, specificity, and overall correctness. A previous study also revealed that high BLL was associated with increased hazards for all-cause, cardiovascular-related, and infection-related 18-month mortality in patients on MHD. 39 The definition of high BLL was BLL .12.64 μg/dL in this study. Chronic low-level environmental lead exposure might inhibit urate excretion in the general population, 12 and accelerate progressive renal insufficiency in patients without diabetes who have chronic renal disease. 11 These patients all had normal lead burden, and chelation therapy could improve renal function and slow the progression of renal insufficiency. According to our findings and those from the abovementioned studies, the normal range of BLL in HD patients needs to be revised or there are no normal BLLs in HD patients.
Ferritin had a positive correlation with UP in our study, which was consistent with previous research. 40 BLLs have been noted to be negatively associated with serum ferritin levels. 10, 41, 42 In our study, both serum ferritin and BLL were two independent factors positively associated with UP. Blood lead-related systemic inflammation, therefore, appears to play an important role in the elevation of serum ferritin in our studied HD patients.
More than half (52.9%) of our recruited HD patients were in the high-normal or high BLL categories, which was higher than the average BLL in general Taiwanese adults (7.7 μg/dL). 43 The elevated BLL in patients on maintenance HD might have been due to a complete loss of renal function, which is a main route to excrete lead from the body, and the difficulty in removing lead through HD. 9 Our present study also showed that anuria was also a positive predictor of UP. Anuria definitely caused a decreased excretion of blood lead in HD patients compared to those with residual urine output. Therefore, lead from environmental lead exposure in maintenance HD patients cannot be excreted efficiently.
Conclusion
Our study is the first to show that BLL is positively correlated with UP and can predict it, and there may actually be no normal blood lead level in maintenance HD patients. Further randomized controlled study to use chelation therapy for lead removal is needed for the definite causal relationship between blood lead and UP.
Limitations
This is a cross-sectional study and further randomized controlled studies using chelation therapy to reduce BLL should be performed to confirm the relation between causal and effect of BLL and UP in HD patients. 
